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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2, APITS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE OR USE OF ANY METHOD, APPARATUS, OR PRODUCT 
COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED 
IN THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST 
LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS 
AFTER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API PUBLICATIONS DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1995 American Petroleum Institute 
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FOREWORD 


API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this publi- 
cation and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordinator, 
Exploration and Production Department, American Petroleum Institute, 1220 L Street, 
N.W., Washington, D.C. 20005. 
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Chapter 17—Marine Measurement 


SECTION 5—GUIDELINES FOR CARGO ANALYSIS AND 
RECONCILIATION 


17.5.1 Scope 


This standard covers guidelines for marine cargo analysis and reconciliation. These 
guidelines are intended to provide a basis for analyzing and reconciling the quantity differ- 
ences (gains/losses) resulting from marine custody transfer movement(s) of petroleum and 
petroleum product cargoes. As such, the guidelines are complementary to, but do not 
replace, normal inspection procedures. 


17.5.2 Introduction 


The shipment of petroleum or petroleum products by marine vessels often results in a dif- 
ference between the load port (Bill of Lading) and discharge port (Outturn) quantities. This 
difference, or volume gain or loss, is caused by one or more of the following reasons: 


a. Physical gains or losses. 

b. Discrepancies or errors in volume measurement, sampling, and laboratory testing 
methods. 

c. Inconsistencies or errors in calculations. 


The objective of cargo analysis and reconciliation is to determine if a marine petroleum 
shipment results in an excessive gain or loss, and if so, to identify the reason(s) for volume 
differences in an effort to correct petroleum measurement problems. The reconciliation 
process may be complex and should only be performed when circumstances warrant or 
when it is specifically requested. 

Note: When this document is used by an inspection company or anyone not involved in the total cargo transaction, 
it must be understood that the release of Bill of Lading (B/L) quantity information may violate the confidentiality 
of the parties involved. 

The primary steps for marine cargo analysis and reconciliation are: a) Voyage Data; 
b) Voyage Analysis; and possibly c) Voyage Summary and Reconciliation. 


17.5.2.1 VOYAGE DATA 


This first step consists of gathering all relevant ship and shore measurement data for 
analysis and reconciliation from available independent inspection, terminal, and ship 
reports. 


17.5.2.2 VOYAGE ANALYSIS 


Summarize this voyage data (17.5.2.1) in an organized format for analysis. 

A standard format for reporting and organizing marine shipment data is available in API 
MPMS Chapter 17.1, “Guidelines for Marine Cargo Inspection,” Fourth Edition, 1994. This 
form is called Voyage Analysis Report (VAR)-Simple Voyage. (An updated version of this 
report is provided in Appendix A of this document.) The VAR provides a useful format for 
the organization of basic marine data and provides calculations also recommended in this 
procedure. Examples of the completed VARs can be found in Appendix B. It is recognized 
that other forms are also available or can be designed which may be used for this purpose. 
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CHAPTER 17—MARINE MEASUREMENT 


There are three types of voyage analyses: 


a. Simple Voyage Summary is a single grade cargo movement from one loadport to one 
discharge port. 

b. Multi-Cargo/Multi-Port Voyage Summary involves the shipment of more than one grade 
of cargo at one or more load or discharge ports. 

c. Vessel-to-Vessel Transfer Summary involves the movement of cargo from one vessel to 
one or more other vessels. 


17.5.2.3 VOYAGE SUMMARY AND RECONCILIATION 


Determine the reported gain/(loss) volume difference for the voyage and the components 
of the voyage. Review the reported facts of the voyage together with any relevant 
background information in an effort to explain the reason(s) for the voyage gain/(loss). An 
example of a completed voyage reconciliation can be found in Appendix B, Figure 7. 


Note: Care must be taken when reconciling quantities. It should be recognized that certain Reconciliation Quan- 
tities may be subjective, based on estimates or formulas which may not be available in current industry standards. 
It is up to the individual completing the reconciliation to substantiate these Reconciliation Quantities. Always 
preserve the original voyage analysis data regardless of the errors uncovered and quantified under the Reconcili- 
ation process. 


17.5.3 General Instruction 
In addition to the basic volumes for the movement, record the following: 


. Vessel Name. 

. Cargo Name. 

. Reference Number—User’s voyage reference number. 

. Voyage/Trip No.—Official vessel’s voyage number. 

e. Loading Port/Terminal/Berth. 

f. Discharge Port/Terminal/Berth. 

g. Type of Movement-Simple, Multi-port, Multi-cargo, Lightering, Vessel-to- Vessel, or 
Across the Dock Transfer. 

h. Quantity Unit-Unit of volume used throughout the Voyage Analysis (barrels, cubic 
meters, gallons, liters), Ensure consistency in conversions by using the appropriate Volume 
Correction Factors (VCF). 

i. Charter Party Date—Vessel’s charter date. 

j. Supplier-Cargo supplier name. 

k. Receiver—Cargo receiver name. 

1. VCF Table Used-VCF table used at each stage of the shipment (e.g., Table 6 or Table 
6A). 


ano ep 


-17.5.4 Referenced Publications 


The fotlowing API documents may be referenced to supplement the information present- 
ed in this chapter: 


API 
Manual of Petroleum Measurement Standards 

Chapter 1, “Vocabulary” 
Chapter 3, “Tank Gauging” 
Chapter 4, “Proving Systems” 
Chapter 5, “Metering” 
Chapter 7, “Temperature Determination” 
Chapter 8, “Sampling” 
Chapter 9, “Density Determination” 
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Chapter 10, “Sediment and Water” 
Chapter 11.1, “Volume Correction Factors” 
Chapter 12, “Calculation of Petroleum Quantities” 
Chapter 17.1, “Guidelines for Marine Cargo Inspection” 
Chapter 17.2, “Measurement of Cargoes On Board Tank Vessels” 
Chapter 17.3, “Guidelines for Identification of the Source of Free Waters 
Associated with Marine Petroleum Cargo Movements” 
Chapter 17.4, “Method for Quantification of Small Volumes on Marine 
Vessels (OBQ/ROB)” 
Chapter 17.6, “Guidelines for Determining the Fullness of Pipelines 
between Vessels and Shore Tanks” 
Chapter 19, “Evaporation Loss Measurement” 
Vessel Experience Factor Study—Sth Petroleum Measurement Seminar, 1983 


17.5.5 Voyage Analysis 


This is the systematic comparison of specific quantities determined from the voyage data 
summary. The shore-to-shore gain/(loss) is broken down according to Total Calculated 
Volume (TCV), Free Water (FW), Gross Standard Volumes (GSV), Sediment and Water 
(S&W), and Net Standard Volumes (NSV) during each stage of the voyage. API/Density is 
also compared at the load and discharge port(s). 

The primary volume difference (gain/loss figures) to be used in the analysis process are: 


a. B/L Compared to Outturn Quantities. 

b. Shore to Vessel Comparison at Loading. 

c. Transit Comparison. 

d. Vessel to Shore Comparison at Discharging. 

e. On Board Quantity (OBQ) / Remaining On Board (ROB) Comparison. 


Note: Difference due to the application of VEFs and VCF tables are covered in the reconciliation section (17.5.6). 


17.5.5.1. BILL OF LADING COMPARED TO OUTTURN QUANTITIES 


Compare the reported Outturn quantities from the discharge port(s) with the reported Bill 
of Lading (B/L) quantities from the load port(s). If more than one port or cargo is involved, 
perform a separate voyage analysis for each movement or parcel as well as a summary anal- 
ysis for the totals. This volume difference is referred to as the shore-to-shore gain/(loss) for 
the shipment and is used as the primary indicator of whether a more in-depth analysis is 
required. The user’s gain/(loss) experience with a particular cargo and/or trade route may 
determine if the particular shipment gain/(loss) is considered to be acceptable or excessive. 
A summary of the calculations for these shore-to-shore comparisons is shown in Table 1. 


Table 1—B/L to Outturn Comparison 


TCV FW GSV S&W NSV 
Outturn TCV Outturn FW Outturn GSV Outturn S&W Outturn NSV 
-B/L TCV —-B/L FW -B/L GSV —B/L S&W -B/L NSV 
TCV Difference FW Difference GSV Difference S&W Difference NSV Difference 


Differences should be noted in volumes and percentages. Also compare the B/L API 
gravity or density against the Outturn API gravity or density. 


17.5.5.2 SHORE TO VESSEL COMPARISON AT LOADING 


Record vessel/shore quantities from the load port. If more than one port or cargo is 
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involved, perform a separate analysis for each parcel, for each movement, and for the total 
shore/vessel figures (including slops and all previously loaded parcels). 

Compare these values by subtracting the bill of lading quantities from the corresponding 
vessel quantities to obtain the difference in each as shown in Table 2. 


Table 2—Shore to Vessel Comparison—Loadport(s) 


TCV FW GSV 
Vessel Loaded TCV Vessel Loaded FW Vessel Loaded GSV 
-B/L TCV —B/L FW -B/L GSV 
TCV Difference — FW Difference GSV Difference 


Differences should be noted in volumes and percentages. 

It should be recognized that a S&W comparison may be necessary to validate the FW 
difference. (See section 17.5,6.2.2.) : 

For this comparison, the vessel loaded volume is the volume gauged on board after load- 
ing (TCV) minus any OBQ measured on board before loading. 


Note: For a more realistic (accurate) comparison of ship/shore differences, apply a Vessel Experience Factor 
(VEF), (See section 17.5.6.2.4.) 


17.5.5.3 TRANSIT COMPARISON 


Record the reported vessel’s sailing port and next arrival volumes. Calculate the vessel’s 
transit quantity difference by subtracting vessel volumes at sailing from arrival port 
volumes. Compare quantities as shown in Table 3 for each parcel and for the total vessel. 


Table 3—Vessel Transit Comparison 


TCV FW GSV 
Vessel Arrival TCV Vessel Arrival FW Vessel Arrival GSV 
~Vessel Sailing TCV —Vessel Sailing FW —Vessel Sailing GSV 
TCV Difference FW Difference GSV Difference 


Differences should be noted in volumes and percentages. 
For this comparison, no adjustments are to be made to vessel volumes for OBQ or ROB. 


Note: See section 17.5.6.2.2 for additional information concerning FW differences. 


17.5.5.4 VESSEL TO SHORE COMPARISON AT DISCHARGING 


Record vessel/shore quantities from the discharge port. If more than one port or cargo is 
involved, complete a separate summary for each parcel, on each movement, and for the total 
vessel/shore figures. Compare these values by subtracting the reported outturn quantities from 
the corresponding vessel quantities to obtain the difference in each as shown in Table 4. 


Table 4—Vessel to Shore Comparison—Discharge Port(s) 


TGV FW GSV 
Outturn TCV Outturn FW Outturn GSV 
—Vessel Discharged TCV -Vessel Discharged FW ~Vessel Discharged GSV 
TCV Difference FW Difference GSV Difference 
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Differences should be noted in volumes and percentages. 
For this comparison, the vessel discharge volume is the volume gauged on board upon 
arrival at the discharge port minus any ROB measured on board after discharging. 


Note: For a more realistic (accurate) comparison of the ship/shore differences, apply a Vessel Experience Factor 
(VEF). (See section 17.5.6.2.4.) 


17.5.5.5 OBQ/ROB COMPARISON 


Calculate the OBQ and ROB difference including totally segregated slops, if applicable, 
by subtracting the components of the ROB from the components of the OBQ as shown in 
Table 5. 


Table 5—OBQ/ROB Comparison 


Total OBQ 7 FW + GSV Note: (Liquid + Non-Liquid) 
Total ROB = FW + GSV Note: (Liquid + Non-Liquid) 
Tota! Difference Difference Difference 


17.5.5.6 COMMENTS 


Summarize any appropriate comments that pertain to the movement, especially Letters 
of Protest (LOP) or Notices of Apparent Discrepancy (NOAD). 


17.5.6 Voyage Summary and Reconciliation 


A gain or loss may be explained from the Voyage Analysis process. If this is not the case, 
it will usually be necessary to proceed with the voyage summary and reconciliation process, 
in which all relevant factors are reviewed and evaluated to account for each gain/(loss) dif- 
ference identified. Where possible, the differences should be quantified. The total of the 
Reconciliation Quantities should approximately equal the total NSV gain/(loss) for the 
movement. 

All quantity calculations, measurements, or testing methods used in this reconciliation 
that are not based on recognized standards should be fully explained, referenced, or docu- 
mented. 

For example, if a vessel shows more cargo on arrival than reported at load, the cargo 
figures and measurements should be carefully reviewed and analyzed. It it is found that the 
departure quantity was likely understated, reconciliation of this loss quantity can be made 
under “Transit Difference.” 


17.5.6.1 FIELD FACTS 


Before starting the reconciliation process, assemble all relevant documentation such as 
inspection reports, inspection check lists, and as many field facts as can be obtained to 
understand the inspection elements involved with the movement. This information is in 
addition to, and in conjunction with, the voyage analysis data. An example of the field facts 
to be obtained is provided on the “Field Facts” form in Appendix A. 


17.5.6.2 QUANTIFIABLE GAIN/((LOSS) FACTORS 


The following information is offered to clarify some of the quantifiable factors that can 
influence gain/(loss) quantities. When assigning any of these factors to a gain/(loss) quan- 
tity, the impact on the entire movement should be considered. 
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17.5.6.2.1 VCF Table Differences 


The VCF tables should be consistent. Depending upon the table used, the API gravity, 
relative density, or coefficient of expansion can have a large impact on volumes. 

Figures | and 2 illustrate the percent VCF difference between the old and new table 
values for a 33° API gravity oil at different observed temperatures. 


% (VCF Difference) 7 % (VCF Difference) 


Ltt} + +4 0.28 


Density 15 = 860.0 0.26 


~0.08 
0.1 


56 0 5 10 15 2G 25 30 35 40 45 50 55 60 65 23 32 41 50 59 68 77 86 95 104 113 122 131 140 149 
Temperature Deg. C Temperature Deg. F 
Figure 1—VCF Old/New Tables Figure 2—VCF Old/New Tables 
Comparison (T.54 vs T.54A) Comparison (T.6 vs T.6A) 


If the load quantities were determined using VCF tables other than the VCF tables used 
at the discharge port, then the load quantities should be recalculated based on the VCF 
tables used at the discharge port. The recalculated load volumes should then be used in the 
comparison performed, and the quantity difference due to the use of different VCF tables 
recorded as a Reconciled Quantity. 


17.5.6.2.2 Free Water Differences 


The reported quantity of FW in the shore tank(s) at the load port, on the vessel after load- 
ing, on the vessel at the discharge port, and in the shore receipt tanks may differ. Free water 
is included as S&W if automatic samples are used at the load or discharge port. 

Note: Refer to API MPMS Chapter 17.3, “Guidelines for Identification of the Source of Free Waters Associated 
with Marine Petroleum Cargo Movements,” for information concerning the sampling and testing of free water 
samples. 

The following list identifies some of the reasons that free water quantities vary and 
should not be interpreted as being all inclusive or valid for each and every voyage: 


a. Due to improper valve settings or leaking valves, the ballast water from the vessel can 
be introduced back to the vessel’s cargo tanks or lines on the vessel. 

b. Introduction of water from vessel pipelines or subsea or shore lines into the cargo during 
the loading or discharge operations. 

c. Settling out of S&W will increase the FW content at the discharge port as compared to 
the load port or mixing of FW with cargo as it is pumped will reduce the FW while increas- 
ing the S&W. 
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d. Different measurement methods, e.g., separate S& W and FW measurements versus total 
S&W of homogenized samples from an in-line sampler. 

e. Different methods of measurement and/or interpretation of mcasurements especially for 
crude oils containing emulsified water, e.g., water paste versus electronic interface detector 
and whether the volume was wedge-corrected or not. 

f. Different sea conditions when measuring the FW at the load port and discharge port, 
e.g., rough seas versus calm seas. 

g. Changes in trim and/or list from the load port to that found at the discharge port. 

h. The intentional introduction/removal of water into/from cargo/slop tanks. 

i. Undetected free water that was not reported as OBQ free water, e.g., ballast water in 
cargo lines prior to loading or water not detected hecause of trim and/or list conditions. 

j. Different methods of determining or interpreting volumes from the vessel’s calibration 
tables. 

k. Bottom flex, bottom deformation, lack of settling time, and sediment in shore tanks may 
distort accounting of free water. 

I. Datum plate height above the shore tank bottom doesn’t allow for identification and 
quantification of water below the datum plate. 

m. Failure to account for water in the shore line between automatic sampler and vessel on 
loading. 

n. Shut down or malfunction of the automatic sampler during any part of the loading or 
discharging. 


17.5.6.2.3  S&W Differences 


A difference in reported S&W content of a cargo at load port and discharge port is a 
common reason for variances in the reported shore-to-shore NSV. 
The inability to obtain consistent $é&W results can occur for any of the following reasons: 


a. Unrepresentative samples, e.g., inadequate or improper sampling of tanks, in-line 
sampler malfunction, poor design features, or inefficient operation. 

b. Different methods of sampling, e.g., manual shore tank sampling versus automatic in- 
line sampling. 

c. Different methods of laboratory analysis, e.g., Karl Fischer titration; water by distilla- 
tion; centrifuge. 

d, Settling of S&W can decrease the entrained S&W content of the vessel composite at a 
discharge port as compared to a load port. Likewise, mixing during transfer, e.g., pump 
turbulence, blending, trim considerations, etc., may decrease free water if it becomes 
entrained water and part of S&W. 

e. Non-compliance with standard test methods, e.g., use of non-calibrated centrifuge tubes, 
improper sample handling and/or mixing, contamination, and use of non-standard reagents. 
f. Leaks in vessel pipelines or other commingling of water caused by the vessel, e.g., 
pumping bilges. 

g. Water added to the cargo. 

h. Failure to account for water in shore line between sampler and vessel. 

i. Shut down or malfunction of the automatic sampler before loading or discharging. 


17.5.6.2.4 Vessel/Shore Differences 


It is recognized that the quantity based on a vessel’s capacity tables may vary from the 
shore quantity. In most cases, this variance is consistent as indicated by the ratios of vessel- 
to-shore quantities over several voyages to be employed as a tool in the monitoring process. 
The compilation of ratios is known as the Vessel Experience Factor (VEF). 

A review of the resulting vessel/shore ratio with the historical VEF may indicate possible 
measurement deficiencies on either the shore or vessel. (See API VEF Procedures Chapter 
17.1, or IP—Part XVI, Section I & I.) 
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The comparison of vessel and shore quantity is a basic part of the voyage analysis and 
reconciliation process. The difference between shore quantity and vessel quantity when 
corrected by the VEF can indicate the likelihood of an inaccurate shore or vessel quantity. 
A large difference between these two quantities may suggest that an investigation be direct- 
ed to quantity measurements at a particular port. The method employed in these guidelines 
is to use the TCV quantities based on the vessel’s measurements as an independent means 
of comparison at both the load and discharge port, respectively. 

For comparison of vessel delivered or received quantities to shore quantities, use the VEF 
for that vessel. 


17.5.6.2.4.1 Load VEF Application 


Confirm and record the Load Vessel Experience Factor (VEFL). Determine the theoret- 
ical shore volume by dividing the vessel loaded volume by the VEFL and compare it to the 
Bill of Lading TCV. (See VEF, Chapter 17.1.) 

Differences should be noted in volumes and percentage of NSV B/Ls. 


Note: If the VEFL is not available, use 1.00000. 


17.5.6.2.4.2. Discharge VEF Application 


Confirm and record the Discharge Vessel Experience Factor (VEFD). Determine the 
theoretical shore volume by dividing the vessel delivered volume by the DVEF and 
compare it to the Shore Receipt TCV. 

Differences should be noted in volumes and percentages. 


Note: If the VEFD is not available, the load VEFL may be used. (1983 API study indicates that the VEFD may be 
equal to or exceed the VEFL by about 0.0015.) 


17.5.6.2.4.3 Load/Discharge VEF Difference 


The VEFL and VEFD may be different. If the VEFL and VEFD are different, the impact 
on the cargo volume is roughly equal to the vessel loaded volume divided by the VEFD, 
minus the vessel] loaded volume divided by the VEFL. 


17.5.6.2.4.4 Vessel-to-Vessel Transfer VEF Differences 


For uniformity in developing volumes for comparison basis, the appropriate VEFs may 
be applied to the transferred quantities on both vessels. In general, TCV transfer quantities 
should be based on the full shuttle vessel quantity divided by its VEF, unless otherwise di- 
rected. (See 17.5.6.3.6.2.) 


17.5.6.2.5 Transit Differences 


Transit differences are normal to most marine movements and result from one or both of 
the following: 


a. There is a physical TCV gain or loss during the voyage. (See sections 17.5.6.2.5.1 and 
17.5,6.2.5.2.) 
b. There are discrepancies in measurement. (See section 17.5.6.3.) 


Caution should be exercised when reconciling transit variations as the recorded differ- 
ence may or may not indicate whether it should have any bearing on the overall gain or loss. 
A large transit loss, with no corresponding variance in the VEF adjusted ship versus receipt 
at discharge, might indicate a physical loss during the voyage. A large transit gain, with a 
large vessel/shore variance at the load port and minimal variances noted at discharge, might 
indicate vessel measurement errors caused by gauging in rolling seas or the use of different 
calibration tables. 
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17.5.6.2.5.1. Physical TCV Gains/(Losses) 


A comparison of the vessel’s departure TCV and its arrival TCV will give an indication 
of transit cargo variation. Review the TCV components individually (GSV and FW). 
The following items are possible sources of a physical transit gain: 


a. Material pumped from engine room bilges into slop tanks. 

b. Heating coils leaking into cargo tanks. 

c. Displacement into cargo tanks of other materials, which were received/discharged 
between the time when cargo load and discharge measurements are made, e.g., bunkers, 
slops, and other parcels. 

d. Introduction of water to cargo tanks. 


A physical transit loss may be caused by: 


a. Vapor losses. 

b. Leaks: 
(1) External—cargo that escapes from vessel tanks to the sea. 
(2) Internal-cargo that escapes to cargo tanks or into voids, cofferdams, slop tanks, 
ballast tanks, or other non-designated areas but is not discovered. 

c. Discharge to other unreported vessels, or cargo burned as fuel. 

d. Transfer or decanting of free water from slop or dirty ballast tanks during voyage. 

e. “Volumetric shrinkage.” (See 17.5.6.3.7.) 


17.5.6.2.5.2 Changes in Stowage 


Stowage refers to the arrangement of cargo in the vessel. Changes in stowage will fre- 
quently occur where two port discharges are concerned and will not necessarily result in a 
loss. During a normal transit, changes generally should not occur, but may for several rea- 
sons. For example, a request from Charterers for blending of cargo en-route or heating and/ 
or circulation of cargoes between two or more tanks. Other reasons for cargo transfer would 
be to alter the vessel trim for stability/performance or to facilitate load/discharge. 

Any variations in cargo quantities arising from changes in stowage should be noted. 


17.5.6.2.6 OBQ/ROB Difference 


A difference in OBQ and ROB quantities can be expected. The practice of loading on top 
of retained oily residues (slops) and the implementation of enhanced cargo recovery tech- 
niques, such as Crude Oil Washing (COW), have a marked effect on the differences in these 
volumes. API MPMS Chapter 17.4, “Method for Quantification of Small Volumes on Ma- 
rine Vessels (OBQ/ROB),” details the proper method of taking these two measurements. 
Note: ROB measurements taken immediately after discharge may fail to completely quantify the volume of cargo 


adhering to the tank walls and internals. Some of this unmeasured cargo will drain to the tank bottom or will float 
on ballast water where it can be measured later. 


17.5.6.2.6.1 Slops Discharged 


Slops discharged with the cargo may have been either commingled with the cargo (load- 
ed on top) or segregated from the cargo in a separate tank. Slops are a readily identifiable 
source of gain in cargo outturns when compared with B/L volumes and should be taken into 
consideration in the reconciliation. 


17.5.6.2.6.2 Crude Oil Washing (COW) 


COW was originally introduced to reduce bottom sediment and clingage. This operation 
is capable of significantly reducing the cargo volumes retained on board which may other- 
wise only be recovered by tank water washing during the ballast voyage. Although COW is 
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a useful technique to improve cargo discharge, its effectiveness is dependent on many fac- 
tors. The nature of the cargo oil, efficiency of equipment, number of cargo tanks being 
washed, and ambient air and sea water temperatures during discharge are among the impor- 
tant considerations in the effectiveness of this technique. A thorough Crude Oil Wash may 
reduce ROB to less than the OBQ. COW may cause additional cargo losses in volatile 
cargoes due to the evaporation generated or in cold weather where the improper handling 
of high pour or viscous cargos may increase rather than decrease clingage. 


17.5.6.3 OTHER GAIN/(LOSS) FACTORS 


The following factors may contribute to cargo variances during a marine custody transfer 
movement. Some are objectively quantifiable; while determining the values of others can 
only be done subjectively. When any of these factors are used and or quantified in perform- 
ing a gain/(loss) analysis, reasons for doing so must be supported. 

These factors are listed alphabetically and not necessarily in order of significance. 


17.5.6.3.1. Cargo Conversion/Diversion 


Information concerning cargo, shore tankage, ballast, void space, vessel and shore line- 
fill, and bunker surveys should be reviewed for each port so that unauthorized diversion/ 
conversion may be identified. 

It is prudent to investigate any discrepancy as soon as it becomes apparent by an addi- 
tional survey. To ensure that information regarding bunker consumption is correct, relevant 
bunker/receipts should be obtained and verified. 


17.5.6.3.2 Undetected ROB 


Although difficult to quantify after completion of discharge, some cargo retained on 
board the vessel after discharge due to clingage may be recoverable by the vessel through 
tank washing. If COW is effectively performed during discharge, potential clingage may be 
reduced and subsequently pumped ashore with the cargo. The “run down” from the vessel’s 
internal bulkheads, overheads, and structural members combines with the tank washing me- 
dium. Conversely, COW may increase clingage if performed ineffectively or handled inap- 
propriately, e.g., with high pour point material in cold weather. 

Clingage may vary depending on the physical characteristics of the cargo and the condi- 
tions under which the discharge is performed. It also can vary depending upon the type of 
vessel, the number of tanks, and tank construction. To date, any quantification of loss due 
to clingage can only be a subjective determination, but it is an identifiable reason for cargo 
loss. While clingage cannot be precisely measured for the voyage in question, it may be 
estimated for similar cargo type and voyage conditions by using one of two methods: 


a. ROB versus subsequent voyage OBQ (excluding water introduced in cargo/slop tanks 
for tank washing on ballast voyage). 
b. Load On Top Monitoring Record calculation. (See MPMS Chapter 17.1.) 


17.5.6.3.3 Evaporation Losses 


Evaporation is the loss of the relatively low boiling point hydrocarbon components of 
crude oil and cargoes to the atmosphere. There are three stages of cargo movement where 
evaporation can cause loss of “light ends’—during loading, transit, and discharge. Evapora- 
tion losses do occur in shore terminals, e.g., damaged or wom floating roof seals and 
improperly set thermal relief valves. However, the largest evaporation loss normally occurs 
during loading and discharge operations. The extent of this loss is influenced by the volatile 
liquids content of the crude oil, the temperature of the crude oil, and agitation of the cargo, 
COW, the condition of the vessel, and the design and operation of the inert gas system. 
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Vapor pressure can be used as an indication of the relative volatility of a crude oil ata 
given temperature. The Reid Vapor Pressure method (RVP) (ASTM D323) indicates the 
extent of this volatility. 

The evaporation portion of a loss is difficult to measure. Factors that can contribute to 
evaporation loss include: 


a. High vapor pressure of the cargo. 
b. The increase in temperature of the cargo caused by ambient conditions or heating of the 
cargo. 
c. The improper operation of the vessel’s inert gas system and the incorrect setting of pres- 
sure relief valves on the vessel. 
. Gauge hatches left open. 
Excessive agitation of cargo during loading or passage, e.g., heavy weather conditions. 
Integrity of the cargo compartment—worn packing on tank lids. 
. The performing of a crude oil washing operation at discharge. 
. The amount of free surface area of the cargo. 


soa moe 


Note: Evaporation loss may be indicated when the API gravity of the cargo at the discharge port is lower than at 
the load port. However, other causes for a difference in API gravity include improper sampling; sample handling; 
testing procedures and the accuracy tolerances of the testing procedure performed; and the level of water in the 
sample under examination. See the appropriate testing procedures for more information. See API Bulletin 2514A— 
Atmospheric Hydrocarbon Emissions for Marine Vessel Transfer Operations. 


17.5.6.3.4 Extraordinary Shipboard Losses 


Extraordinary shipboard losses may occur due to an accident, damage, or disaster to the 
vessel resulting in loss of cargo to the sea; contamination of part of remaining cargo; and 
retention, in a relatively undamaged condition, of the balance of the cargo. 


17.5.6.3.5 Line Fullness 


The fill conditions of shore lines before and after loading and discharge should be cor- 
rectly determined and documented. The fill condition of vessel lines after cargo discharge 
should also be documented to verify that unmeasured cargo has not been left on board. 
Evaluate the effect of any differences reported during the line fill verification process at 
both the loadport and the discharge port. Refer to MPMS Chapter 17.6, “Guidelines for 
Determining the Fullness of Pipelines Between Vessels and Shore Tanks,” for more detailed 
information regarding the procedure. 


17.5.6.3.5.1 Flushing Medium 


A flushing medium may be employed to COW a vessel’s tanks or to displace a previously 
discharged cargo in the shore line. The medium, typically a light oil, is loaded aboard the 
vessel and stowed in a suitable tank for the intended purpose. 

The vessel should be gauged before and after the medium is transferred to the vessel. The 
quantity received by the vessel should be compared to the volume generated from shore 
tank or meter quantity. Any flushing medium remaining on the vessel after discharge should 
be accounted for as ROB. 

The quantity of flushing medium, generated from shore tank or meter quantities, must be 
correctly accounted for to properly reconcile cargo quantities. TCV should be used in these 
calculations. 


17.5.6.3.6 Measurement Uncertainties and Errors 


17.5.6.3.6.1 General Measurement 


Misstatements of quantities may be the result of failure to use properly calibrated equip- 
ment and to perform cargo measurement operations in accordance with API standards. 
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Examples of possible errors that are not specific to vessel or shore tank include: 


Failure to follow proper operating practices. 

The use of defective or non-standard measurement equipment. 

The environment at the time the measurements are taken. 

Observed tank height differences between opening and closing measurements. 

The use of incorrect tank tables, or the improper use of tank tables, 

The use of incorrect quantity correction factors. 

Temperature and gravity stratification. 

The use of incorrect conversion factors when converting between systems of measurement. 
Random errors in measurement. 


rpg mo Ae op 


17.5.6.3.6.2  Lightering 


When cargo is transferred in a lightering operation, the quantity transferred may be better 
quantified by using the shuttle receipt quantity, adjusted by its load VEF, than the quantity 
based on the delivering vessel. If weather or sea conditions were not conducive to accurate 
measurement, or measurements were unable to be obtained, the transferred quantity may 
be better quantified on the shuttle vessel’s arrival quantity, adjusted by its load VEF, at its 
discharge dock. 


17.5.6.3.6.3 Shore Measurement 


A large difference in reported API gravity or density between load and discharge samples 
may indicate a sampling and/or laboratory analysis discrepancy. 
Additional factors that may be considered when analyzing shore measurements include: 


a. Achange in weight of the floating roof, i.c., water, snow load. 

b. Fluctuation of gauge caused by movement of the floating roof. 

c. Tank bottom flexing. 

d. Manifold and valve leakage. 

e. Quantity measurements taken in the floating roof critical zone of the shore tank. 
f. Difference of observed height and/or movement of reference plate. 

g. Build-up of sediment in tank or stand pipe. 

h. Change in tank roof orientation, i.e., tilting or canting, sinking, etc. 

i. Tank shell thermal expansion or contraction. 

j. Condition of floating roof seals. 

k. Deliberate attempts to “bias” measurement of temperature and depth in favor of one 
party or another. 


17.5.6.3.6.4 Vessel Measurement 


Additional factors which may be considered when analyzing vessel measurements 
include: 


a. Improper, or lack of, use of trim/list and wedge corrections. 
b. Weather and sea conditions. 
c. Closed and remote tank gauging/temperatures system calibration. 


17.5.6.3.7 Volumetric Shrinkage 


Volumetric shrinkage can occur when mixing two materials with different molecular 
structures. The amount of shrinkage depends on the density difference and percentage of 
the components. The shrinkage is greatest when the percent of light or heavy component 
increases toward a 50 percent mixture. For additional details and the calculation proce- 
dures, see API Bulletin 2509C. 
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APPENDIX A—VOYAGE ANALYSIS REPORT (VAR) 
FORM INSTRUCTIONS 


A.1 Voyage Analysis Report (VAR) Form Instructions 


The forms in this appendix are presented as “examples” only. The one page VAR form 
will be used for all analyses. Some transfers, such as lighterings, will not require the 
complete form to be filled in. 


A.1.1. Simple Voyage 


Information on this type of voyage can be entered on one VAR form, marking boxes for 
LOADING, DISCHARGE, and SUMMARY. 


Note: Except for Part I, all volumes should be based on a consistent set of Volume Correction Factor (VCF) Tables. 


A.1.2 Multi-Cargo 


The VAR marked as “LOADING” is used to record loadings of more than one cargo and/ 
or more than one port. Each operation requires one VAR page which should be marked 
“LOADING.” Total shore delivered quantities are brought forward to a VAR SUMMARY 
page, along with the OBQ and the sailing TCV. 

The VAR marked as “DISCHARGE” is used to record discharges of more than one grade 
of cargo and/or discharges at more than one port. Each operation requires one VAR page 
which should be marked “DISCHARGE.” The total shore receipts are brought forward as 
a VAR SUMMARY page along with the ROB and the arrival TCV. 


A.1.3 Vessel-to-Vessel 


If the movement involves a vessel-to-vessel transfer, mark the V-V TRANSFER box and 
fill outa VAR SUMMARY form for the mother vessel and one for each shuttle vessel. Com- 
plete the DISCHARGE page(s) covering each discharge from the mother vessel at the 
transfer location. In addition, fill out the SUMMARY OF VESSEL-TO- VESSEL TRANS- 
FERS form to reference the quantity transferred and the quantity received. This form can 
handle up to six transfers. 

Start by filling out Section I of the VAR SUMMARY form to reflect that Loading on page 
one. Fill out a V-V TRANSFERS form to reflect each vessel transfer under Section III. Each 
shuttle will have its own SUMMARY form and page number. 

Fill out a separate page to reflect the final vessel shore outturn. The VAR SUMMARY 
form (page one) would then be completed to reflect the total discharge of all vessels and all 
in-transit variations. 

An example of an actual simple lightering is attached in Appendix B for reference 
(Vessel-to- Vessel Analysis, Figures B-1 through B-5). 


A.2. Sample Forms 


a. Voyage Analysis Report (VAR) form (see Figure A-1). 

b. Summary of Vessel-to- Vessel Transfers form (see Figure A-2). 

c. Field Facts form (see Figure A-3). 

d. Voyage Summary and Reconciliation Report (VSRR) form (see Figure A-4). 
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Figure A-1—Voyage Analysis Report (VAR) 
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Figure A-2—Summary of Vessel-to-Vessel Transfers 
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Figure A-3—Field Facts 
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APPENDIX B—EXAMPLES OF CARGO ANALYSIS AND 
RECONCILIATION 


B.1 Cargo Analysis and Reconciliation 


B.1.1 Example 1—-Vessel-to-Vessel Analysis (Figures B-1 through B-5) 


The four VAR forms required to complete this example should be filled out in the 
following sequence: 


. Figure B-1-Fill in top of Section I and complete Section H. 

. Figure B-4—Complete Section II. 

. Figure B-2—Complete appropriate sections. 

. Figures B-3 and B-4—Complete Section III and finish Figure B-5. 
. Figure B-!—Complete remaining sections on SUMMARY page. 

. Figure B-5—Complete the Vessel-to- Vessel Transfer form. 


monom Dp 


B.1.2 Example 2-Simple Voyage Analysis (Figure B-6) 


B.1.3 Example 3-Voyage Summary and Reconciliation Report (VSRR) 
(Figure B-7) 


B.2 Introduction to Figures B-1 through B-5 


Figures B-1| through B-5 represent an analysis of a complex voyage. The solution for 
these examples were based on the information available to the reconciler and terms of the 
contract agreement. This example illustrates how a complex voyage that includes a lighter- 
ing operation to a barge can be broken down into components in order to analyze each ele- 
ment of the loading, lightering, and discharge operation. 

Vessel “A” loaded 211,863 barrels of fuel oil in Venezuela during December 1-2, 1993 
(see Figure B-1). This cargo was transported to an anchorage area near Boston for lighter- 
ing of 35,918 barrels to a barge on December 9, 1993 (see Figures B-2 and B-4). After the 
lightering, the barge proceeded to Braintree, MA (see Figure B-4), and the vessel docked 
in Boston for the delivery of the remaining cargo on December 10, 1993 (see Figure B-3). 

Figure B-1 is the Voyage Analysis Report (VAR) summary for the entire shipment. This 
example shows that the shipper incurred a NSV shore to shore loss of 0.097 percent or 205 
barrels for the entire shipment of fuel oil. The NSV shore to shore loss is based on the dif- 
ference between the load port Bill of Lading figure of 211,863 NSV barrels and the sum of 
the barge outturn of 35,920 NSV barrels (Figure B-4), and the balance of the outturn from 
Vessel “A” if 175,738 NSV barrels (Figure B-3). Thus, the total NSV outturn was 211,658. 

Figure B-2 uses a VAR to compute the lightered volume from Vessel “A” to the barge. 
The difference between the vessel arrival and ROB figures are adjusted for the VEF of 
Vessel “A” to compute a theoretical shore figure of 35,877 barrels (Line R) delivered to the 
barge. 

Figure B-3 uses a VAR to show a comparison of the arrival figures on Vessel “A” at Bos- 
ton with the outturn figures on shore. The difference between the arrival and ROB figures 
are adjusted for the VEF of Vessel “A” to compute a theoretical shore figure of 175,866 bar- 
rels (Line R). The actual gross outturn based on shore figures was 175,897 barrels (TCV). 
This difference of only 31 barrels (Line S) indicates close agreement between vessel and 
shore measurements. 

Figure B-4 uses a VAR to show a comparison of the barge lightering figures from Vessel 
“A” with the discharge figures for the barge at its discharge port of Braintree. Part II shows 
a summary of the barge receipt figures at lightering as adjusted for the VEF. This results in 
a theoretical shore figure of 35,918 barrels (Line H). Part III shows the barge arrival figures 
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CHAPTER 17—MARINE MEASUREMENT 


at Braintree and computes the barge discharge figure after VEF of 35,979 barrels (Line R), 
which when compared to the shore receipt figure of 35,993 barrels indicate a barge shore 
difference of only 14 barrels (Line S). 

Figure B-5 uses the Summary of Vessel-to- Vessel Transfers forms to compare the VEF 
adjusted delivered figure of 35,877 barrels that was delivered from Vessel “A” with the 
barge VEF adjusted receipt figure of 35,918 barrels. This comparison of theoretical vessel 
and barge figures indicates a difference of 41 barrels more on the barge than was discharged 
from Vessel “A.” This was equivalent to a 0.114 percent difference. 


API MPMS*17?-5 95 MM 0732290 OS44785 To 


Figure B-1—Voyage Analysis Report (VAR) 


Reference No. 


Voyage/Trip No, | C/P Date (M/D/Y) |PageNo. 7 


& Loading QO Discharge OV-V Transfer 6 Summary C123456 56 11/25/93 Ot 5 
Vesse} Type of Voyage 
Vessel “A” Fuel Oil Lightering 
Loading PortTerminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) | Discharge PortTerminal/Berth Arrived (M/D/Y) Sailed (M/D/Y) 
Venezuela 12/01/93 12/02/93 Boston 12/09/93 12/11/93 
Quantity Unit Receiver | VCF Table Used 
HBbls OGals OMS OL ‘C” Shore Load Shore Disc Vessel Load Vessel Disc 
6B 68 6B 6B 
ae API/ Calculation 
Description Density TCV FW 


(2) 
(3) = (2) ~ (1) 


(4) = (3) / (4) x 100 
(5) (a) Vol.Diff. 


211,863 


217,863 
211,658 


ll. VESSEL/SHORE QUANTITIES AT( 7 ) LOAD PORT(S) 


Vessel Sailing A. 211,846 212 | 211,634 {A) 
OBQ (All) B. 0 C a rs a ee | ee 
Loaded Cc. 211,846 2 211,634 {C)=(A) - (B) 


{D)=(C)H{(1) or (5)] 


12 a 


Difference % E. < 0.008 > % < 0.108 > % 
Load Vessel Ratio F. -99992 
Load VEF G. 1.00097 


Theoretical Shore H. 211,641 
Theoretical Shore Diff. I. < 222 > 
J. : 


211792 |{ LIQUID NON-LIQUID __]|[tK) 
ROB (All) 0 0 


0 15 18 
38> +9 
pee do cows oe 


(O) = (N)/ (2) x 100 
Discharge Vessel Ratio : 1.00041 
: 1.00106 


(H)=(C) /(G) 
(I)}=(H) — [(1) or (5)] 
(J)=(IA(1) oF (5)}x100 


Vessel Arrival K. 


Discharge VEF 


Theoretical Shore 211,752 (R) = (M}/(Q) 
Theoretical Shore Diff. 138 


Theoretical Shore Diff. % 


(T) = (S) / (2) x 100 


E PORT(S) 
<17> 


VCF TABLE MUST BE CONSISTENT 


(U) = (K)— (A) 


(V) = (U)/ (A) x 100 
(W) = (B) - (L) 


[S&W(1) / GSV(1)] x 100 [S&W(2) / GSV(2)] x 100 
S&W at Load Port 0 % S&W at Discharge Port 0 % 


Comments: * Transit & ROB Difference far All Movements Vessel Lightered to Barge “B”; O/T for Tanker and Barge 


LIQUID NON-LIQUID 


OBQ/ROB Difference 


TCV Difference (3) - OBQ (B) + ROB (L) 


ADJ TCV DIFF +42 (Quantity)/ 0.052 % 


Prepared by 


ee 
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Figure B-2—Voyage Analysis Report (VAR) 


Reference No. 
C123456 


Cargo 


Voyage/Trip No. 
56 


C/P Date (M/D/Y)_|Page No. 2 
11/25/93 Of 5 


Type of Voyage 


D Loading 0 Discharge &V-V Transfer © Summary 


Vessel “A” Fuel Oil Lightering 
Loading Port/Terminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) | Discharge Port/Terminal/Berth Arrived (M/D/Y) Sailed (M/D/Y) 
Venezuela 12/01/93 12/02/93 Boston Anchorage 12/09/93 12/09/93 


VCF Table Used 


Shore Disc Vessel Load Vessel Disc 
68 


6B 
Calculation 
Reference 


Receiver 
“Co 


Quantity Unit 
MBbis OGas OM3 OL 


API/ 


Bivoftadng t] TTS he 
93 


joutum 2. an 
Dima Ss ei eo safey= 7 0) 
5. 


Recalc. B/L @| «| sRecaloulate if B/Land O/T use differenttables J 
211,846 


Loaded 7 


Shore Load 


Description 


35,825 


(C)=(A) — (B) 


—_ (D)=(C)-{(1) or (5)] 
(E)=(D)A(1)or(5)}x100 


(H)=(G) / (G) 


()=(H) - [(1) or ()] 


% 


R) = (M) /(Q) 


( 
( 


IV. VESSEL’S COMPARISON OF LOADING AND DISCHARGE PORT(S) VCF TABLE MUST BE CONSISTENT 


Transit Difference ; 
. LIQUID NON-LIQUID 


ee eee ees 


TCV Difference (3) - OBQ (B) + ROB (L) [S&W(1) / GSV(1)] x 100 [S&W(2) / GSV(2)] x 100 
ADJ TCV DIFF (Quantity) / % S&W at Load Port % S&W at Discharge Port % | 


Comments: * Outturn Based on Barge Receipt by its VEF. Vessel Lightered to Barge “B’. (See Figure 4) 


Prepared by Date Completed (M/D/Y) 
{of 
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Figure B-3—Voyage Analysis Report (VAR) 


O Loading & Discharge OV-V Transfer © Summary 


Vessel 


Reference No. 


Cargo 


Voyage/Trip No. 
56 


C/P Date (M/D/Y) 
11/28/93 


Type of Voyage 


Page No. 3 


C123456 of 5 


RBbls OGais OM3 OL ‘B” ‘c" 


ae API/ 
Description TCV FW 


Vessel “A” Fuel Oil Lightering 
Loading Port/Terminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) |Discharge Port/Terminal/Berth Arrived (M/D/Y) Sailed (M/D/Y) 
Boston Anchorage 12/09/93 12/09/93 Boston 12/10/93 12/11/93 
Quantity Unit Supplier Receiver VCF Table Used 


Shore Load Shore Disc Vessel Load Vessel Disc 
6B 6B 

Calculation 

Reference 


|. COMPARISON OF SHORE QUANTITIES IN CUSTODY TRANSFER 


Bill of Lading 
175,897 


175,738 0 


) 
(3) = (2) — (1) 


(2 
(4) = (3) / (1) x 100 


175,738 


Recalculate if B/L and O/T use different tables (5) 


(a) Vol. Diff. 


Wl. VESSEL/SHORE QUANTITIES AT ( 7 ) LOAD PORT(S) 
Sailing A. 176,071 104 
OBQ (All) B. 
Loaded Cc 


175,967 


LIQUID NON-LIQUID (A) 


(C)=(A) - (B) 


Difference 


D. 
Difference % E. 
Load Vessel Ratio F. 


Theoretical Shore H 


Theoretical Shore Diff. 
Theoretical Shore Diff. % 


I. 
J. 


lll. VESSEL/SHORE QUANTITIES AT ( 1 ) DISCHARGE PORT(S) 


Load VEF 6. J 


ee (SL 
ee CC) 


(D=(A) — (1) or (8)] 


Vessel Arrival K. 176,062 175,946 cK) 
ROB (All) L. 10 0 10 I -=— 002 —= = 3] Jo 
Discharged M. 176,052 115 175,936 (M) = (K) = (L) 
| Difference N. +155 J (N) = (M) ~ (2) 
Diference% _0.| 0.080 % } ee COLCA 
Discharge VesselRaio P| 1.00088 | —s«d| S| SCidSCSCSCSCS~SSCS Tw —_| 
eve ae 
Theoretical Shore R[ i75a08 [+4 re 
Theoretical Shore Diff. S. +31 Es es ee (KOE) 
Theoretical Shore Diff. % T. 0.018 % ee 


{V. VESSEL'S COMPARISON OF LOADING AND DISCHARGE PORT(S) 
Transit Difference 
Difference % 


< 0.005 > % 


VCF TABLE MUST BE CONSISTENT 


(U) = (K) ~ (A) 


<0.011 > % 


OBO/ROB © Difference 


(Quantity) / % 


ADJ TCV DIFF 


TCV Difference (3) — OBQ (B) + ROB (L) 


[S&W(1) / GSV(1)] x 100 [S&W(2) / GSV(2)] x 100 
S&W at Load Port 0 % S&W at Discharge Port 0 % 


Comments: No Problem at Discharge Port 


Title 


Prepared by 


Company 


| Date Completed (M/D/Y} 
If 
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Figure B-4—Voyage Analysis Report (VAR) 


Reference No. | Voyage/Trip No. C/P Date (M/D/Y) {Page No. 4 


& Loading & Discharge OV-V Transfer 0 Summary C123456 -A 742 ff Of 5 
[Vessel Cargo Type of Voyage 
Barge “B” Fuel Oil Simple 

Loading Port/Terminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) | Discharge Port/Terminal/Berth Arrived (M/D/Y) Sailed (M/D/Y) 

Boston Anchorage 12/09/93 12/09/93 Braintree, Mass. 12/10/93 12/10/93 
Quantity Unit Supplier Receiver VCF Table Used 
MBbis OGals OM3 OL % “pD” Shore Load Shore Disc Vessel Load Vessel Disc 

6B 6B 6B 6B 
oe API Calculation 
Description Density FW S&Ww NSV Reference 


5ae8 
35,920 


) 

) 
+95 (3) =(2)-(1) 
0.265 % (4) = (3) / (1) x 100 


es NC 


Billof Lading 1. 34.0 
Outturn 
Diff. 

Diff. % 
Recalc. B/L 


35,993 


+75 


id ead eal ed 


Il. VESSEL/SHORE QUANTITIES AT (7 ) LOAD PORT(S) 


Vessel Saling a] 96986 | 039 | 36003 (| UQUID | NONLQUD J@ ‘| 
oa) eB} 2 | o | o fo {oie 
Loaded c| 35906 | 93 ~—=«dY=Ci‘iwSCTSSC~dSCSC(“‘“‘“CS*S*™*™*™*~*CS 
Difference D. +68 +68 (DICH) oF (5)] 
Difference % E. 0.189 % |? 0.189 % —___|___— (E}=(D)A(1}0r(5)}x100 
[oad Vessel Ratio F| toome [+i dS C«* TOT 
Load VEF G[ tooo | «id 
Theoretical Shore es AE CS 
Theoretical Shore Diff. ile we ie i | ()=(H) ~ [(1) oF ()] 
Se ee ee ee ca cee ST 


Vessel Arrival : 
ROB (All) L. ( 
Discharged M. 36,052 (M) = (K) — (L) 


Difference N +59 (N) = (M) - (2) 


Difference % @) 0.164 % (O) =(N)/ (2) x 100 


Discharge Vessel Ratio P. (P} = (M) /(2) 


Discharge VEF Q. 
Theoretical Shore : 35,979 a 


Theoretical Shore Diff. Ss. +14 
Theoretical Shore Diff. % T. 0.039 % 
IV. VESSEL’S COMPARISON OF LOADING AND DISCHARGE PORT(S) VCF TABLE MUST BE CONSISTENT 


Transit Diference Ue? ] tm] eet 
Difference % Vv. 0.226 % | LIQUID NON-LIQUID Iw = (U} / (A) x 100 
OBQ/ROB Difference W. <57> <57> 0 (W) = (B) — {L) 


TCV Difference (3) — OBQ (B) + ROB (L) [(S&W(1) / GSV(1)} x 100 [S&W(2) / GSV(2)] x 100 
ADJ TCV DIFF +80 (Quantity)/ 0.223% S&W at Load Port 0 % S&W at Discharge Port 0 % 


Comments: * Transfer Volume Based on Barge Receipt by its VEF. 


fa 7 3} 
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Figure B-5—Summary of Vessel-to-Vessel Transfers 


Reference No. 


Mother Vessel 
Vessel “A” 


Voyage/Trip No. 
56 


Quantity Unit 
HBbis OGals OMS OL 


Boston Anchorage 


C/P Date (M/D/Y) | Page No. 5 
/ of of 5 


Started (M/D/Y)__| Finished(M/D/Y) 
12/09/93 12/09/93 


VCF Table Used 


C 123456 
No. of Transfers |Lightering Position 
One 
Supplier Receiver 
“B” “or Shore Load 


SUMMARY OF TRANSFERS 


Shore Disch. 
6B 


Note: Volume Data and Line Reference Can Be Taken From Voyage Analysis Report(s) (VAR) 


Vessel Load Vessel Disch. 
68 


Total Discharged 
Mother Vessel 
Total Receipts 
2. Shuttle Vessels 


ar 


Calculation REF 


Total R 
(56+9413 +17 + 21+ 25) 


35,787 


3. Difference from Mother Vessel 


4. Difference % 


Total H 
(6 +10 +14 +18 + 22 +26) 


35,825 


(H-R)/R x 100 


DETAIL OF TRANSFERS 

First Transfer - Line (R) Page Number 
5. From Mother Vessel 20f5 35,877 90 35,787 

Shuttle Receipt Ref # Page Number 

4o0f5 

6. Vessel Name 35,918 93 35,825 H 
7. Difference from Mother Vessel +41 +38 H-R 
8. Difference % 0.114 % 0.106 % (H-R)/R x 100 

Second Transfer - Line (R) Page Number 
9. From Mother Vessel of 

Shuttle Receipt Ref # Page eet 

te) 


10. Vessel Name 


11. Difference from Mother Vessel 
12. Difference % 


Third Transfer - Line (R) 
13. From Mother Vessel 


H-R 


Page Number 
of 


Shuttle Receipt Ref # 


14. Vessel Name 
15. Difference from Mother Vessel 
16. Difference % 


Page Number 
of 


(H-R)/R x 100 


Fourth Transfer - Line (R)} 
17. From Mother Vessel 


H-R 


Page Number 
——_ of __ 


Shuttle Receipt Ref # 


18. Vessel Name 
19. Difference from Mother Vessel 


20. Diference % TID 


Fifth Transfer - Line (R) 
21. From Mother Vessel 


Page Number 
of 


(H- R)/A x 100 


H-R 


Page Number 
of 


Shuttle Receipt Ref # 


22. Vessel Name 


Page Number 
of 


H 


23. Difference from Mother Vessel 
24. Difference % % 


Sixth Transfer - Line (R) 
25. From Mother Vessel 
Shuttle Receipt Ref # 


26. Vessel Name 
27. Difference from Mother Vessel 
28. Difference % 


TH-R 


Page Number 


%|(H- R)/R x 100 


of R 
Page Number 
of 
H 
H-R 
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CHAPTER 17—MARINE MEASUREMENT 


B.3_ Introduction to Figures B-6, B-7, and B-8 


The following examples illustrate the proper completion of a set of sample VAR forms 
for a “simple voyage.” The solutions presented were based on the information available to 
the reconciler and terms of the contract agreement. 

Figures B-6 and B-7 are shown as examples of how the Voyage Analysis Report (VAR) 
and Voyage Summary and Reconciliation Report (VSRR) can be used to analyze a simple 
shipment of crude oil from a single load port to a single discharge port. This shipment is 
described below. 

Vessel “C” loaded a cargo of crude oil in England during November 3-4, 1993, and 
discharged in Houston during November 19-21, 1993. The shipper of this cargo purchased 
this crude oil on a FOB basis at loading and thus incurred the risk of loss for the voyage. 
This shipment resulted in a NSV shore to shore loss of 0.48 percent or 2,458 barrels (Part I). 
The shipper will use the VAR and VSRR forms to organize the relevant information so a 
thorough analysis of this voyage can be performed. The purpose of this analysis is to deter- 
mine the reason(s) why the shipper incurred the NSV loss of 0.48 percent. 

The reported quantities from the VAR (Figure B-6) are transferred to the VSRR (Figure 
B-7). In the example shown, the major cause of this loss was attributable to the discharge 
port theoretical difference of 1,643 barrels (Line S). This difference indicates an apparent 
understatement of the actual shore NSV outturn quantity at the discharge port versus the 
theoretical shore figure. Based on this information, the analyst can focus on the primary 
cause of the loss if it is determined that further investigation is warranted. 

In the Reconciliation section of Figure B-7, the example form indicates that three recon- 
ciling items were identified. These are summarized below. 

First, a vessel measurement error in the #4 port tank accounted for an overstatement of 
the reported arrival TCV at the discharge port, which was changed from 512,287 to 512,001 
barrels. The correction of this error then reduces the original transit difference of 236 
barrels (gain) to an adjusted transit loss of 50 barrels. 

Second, the OBQ/ROB difference (loss) of 445 barrels was adjusted by 77 barrels for un- 
detected ROB that was found as OBQ at the next load port. Thus, the reported ROB of 765 
barrels was changed to 852 barrels and the OBQ/ROB loss was adjusted to a loss of 522 
barrels. 

Third, the line displacement test determined that the discharge port vessel-shore unload- 
ing pipeline was slack by 105 barrels. Thus, an additional 105 barrels would be added to 
the reported outturn TCV raising it to 510,040 barrels. Note that the adjustment of the dis- 
charge port theoretical difference reflects a combination of all three reconciling items. As a 
result, the disport theoretical difference would be reduced from 1,643 barrels to an adjusted 
1,175 barrels. 

The effect of the reconciliation adjusts the reported NSV loss from 2,458 barrels to a 
somewhat lower loss of 2,353 barrels (Figure B-8). The analysts now may focus his inves- 
tigation on the apparent 1,175 barrels or 0.230 percent theoretical difference at the dis- 
charge port (Line S). 
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Figure B-6—Voyage Analysis Report (VAR) 


Reference No. | Voyage/Trip No. C/P Date (W/D/Y) {Page No. 7 
Loading &] Discharge OVv-V Transfer 0 Summary C123451 24 10/15/93 ot 3 
Vessel Cargo Type of Voyage 
Vessel “C” Crude Oil Simple 
Loading Port/Terminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) | Discharge Port/Terminal/Berth Arrived (M/D/Y) Sailed (M/D/Y) 
England 11/03/93 11/04/93 Houston 11/19/93 11/12/93 
Quantity Unit Receiver VCF Table Used 
BMBols OGals OM3 OL ‘PF Shore Load Shore Disc Vessel Load Vessel Disc 
6A 6A 6A 6A 
Deen Sees FW GsV Saw NSV oe 


|. COMPARISON OF SHORE QUANTITIES IN CUSTODY TRANSFER 
Bill of Lading 1. 511,956 
Outtum 509,935 
<2,021 > 


(1) 
(2) 


(3) = (2)- (1) 


(4) = (3) / (1) x 100 


511,730 
509,272 
< 2,458 > 
< 0.480 > % 


509,935 
< 2,021 > 
< 0.395 > % 


Diff. % 


Recalc. B/L (8) (a) Vol.Diff. 
Hl. VESSEL/SHORE QUANTITIES AT ( 7 ) LOAD PORT(S) 

Sailing A. 512,051 511,850 LIQUID NON- vou 

OBQ (All) B [ee | ee ®) 

Loaded Cc 511,731 511,530 —— (CA) - 8) 

Difference D. < 225 > +201 <426> [ (D)=(C}{C1) or (5)] 

Difference % E.| <0.044>% <0.083>% [| | (E}=(OY[(1)or(S))100 
Load Vessel Ratio F. 09956 | | [| | F)=(CVIC*) oF (5)] 
Load VEF Se ee ee @ 
Theoretical Shore H 511,905 Ne eae 2 es (H)=(0) /(G) 
Theoretical Shore Diff. <51> ee eee (IH) ~ [(1) or 6] 
Theoretical Shore Diff. % J <0.010>% (=U) oF (8) }x100 
Il. VESSEL/SHORE QUANTITIES AT { 7 ) DISCHARGE PORT(S) 
Vessel Arrival K. 512,287 578 511,709 LIQUID NON-LIQUID 

ROB (All) 765 0 765 720 45 w 


L. 

Discharged M.| 511,522 578 510,944 oe 
Difference N. +578 +1,009 + (N) = (M) ~ 2) 
Diference% O.| oa [|__| _o1ge% {<4 —SS=«*d | 

Discharge Vessel Ratio P. wos |i fern) 

Q. 
R. 
s. 


Discharge VEF a 
Theoretical Shore snare [TO 
Theoretical Shore Dif i a a Ve 


IV. VESSEL’S COMPARISON OF LOADING AND DISCHARGE PORT(S) VCF TABLE MUST BE CONSISTENT 
Difference <i> (oo HA 
Difference % < 0.028 > % NON-LIQUID __|[(¥)= (7 (@) x 100 

OBQ/ROB Difference a ee <45> (W)= 8) -() 


TCV Difference (3) - OBQ (B) + ROB (L) [S&W(1) / GSV(1}] x 100 [S&W(2) / GSV(2}] x 100 
ADJ TCV DIFF < 1,576 > (Quantity) / < 0.308 > % S&W at Load Port 0.044 % S&W at Discharge Port 0.130 % 


Comments: 


Prepared by Date Completed (M/D/Y) 
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Figure B-8—Voyage Analysis Report (VAR)—Adjusted 


Reference No. | Voyage/Trip No. 
& Loading &i Discharge OV-V Transfer & Summary C123451 24 


Vessel Cargo 


C/P Date (M/D/Y) 
10/15/93 


Type of Voyage 


Page No. 3 
of 3 


Vessel “C” Crude Oil Simple 
Loading Port/Terminal/Berth Arrived (M/D/Y) | Sailed (M/D/Y) |Discharge Port/Terminal/Berth Arrived (M/D/Y} Sailed (M/D/Y) 
England 11/03/93 11/04/93 Houston 11/19/93 11/21/93 
Quantity Unit Supplier Receiver VCF Table Used 
HBbls OGals OM3 OL ‘E” ‘PF’ | Shore Load Shore Disc Vessel Load Vessel Disc 
6A 6A 6A 6A 
| Description nek TCV FW GSV S&aW | NSV Bae 


|, COMPARISON OF SHORE QUANTITIES IN CUSTODY TRANSFER 
39.7 511,956 
Outturn 2. 39.8 * 510,040 
«< 1,916 > 
< 0.374 > % 


511,730 
22,369 > (3) =@)-() 
< 0.459 > % (4) = (3) / (1) x 100 


es cc 


510,040 
<1,916> 


(2)- 


Recalc.B/L | 


H. VESSEL/SHORE QUANTITIES AT (7 ) LOAD PORT(S) 


Vessel Sailing A. 512,051 207 571,850 oe ao LIQUID (A) 
OBQ (All) 320 0 ee ee | 
Loaded 511,731 201 511,530 (C)=(A) - (B) 


Difference < 225 > 201 (0)=(CH(1) or (8)] 


B 
c 
D. 
Difference % E.| <0.044>% (E)=(D)L(1)or(5)}<100 
F. 
G 
H 
I 
J 


Load Vessel Ratio 0.99956 aa (F=CVIC1) oF (8)] 
Load VEF 0.99966 rs 
511,905 (H=(C)/() 


Theoretical Shore 
<51I> (I)=(H) — [(1) or (5)) 


< 0.010 > % ()=()1A) or (5)p<100 


Theoretical Shore Diff. 
Theoretical Shore Diff. % 


Ill, VESSEL/SHORE QUANTITIES AT ( 7 ) DISCHARGE PORT(S) 


Vessel Arrival ~ WK 512,001 578 511,423 LIQUID NON-LIQUID (kK) w2 
ROB (All) we 842 0 722 120 


Discharged M. 511,159 578 
Difference N. 1,119 578 
Diference% 0. _azt0% rr 
Discharge Vessel Rato P| 1.00079 a ee a LC 
Q 


Theoretical Shore R. 517,215 (R) = (M) / (Q) 
S$ 


Theoretical Shore Diff. i < 1,175 > —————— (S)=@-() 
Theoretical Shore Di % Tt | as% [ * T 


IV. VESSEL’S COMPARISON OF LOADING AND DISCHARGE PORT(S) 


Transit Difference *U. < 50> 377 <427> 
<0,083 > % — LIQUID NON-LIQUID (V) = (U) / (A) x 100 
| <522> [|< 402> < 402 > < 120> |< 120> w= (B)-(L) #3 


TCV Difference (3) - OBQ (B) + ROB (L) [S&W(1) / GSV(1)] x 100 [S&W(2) / GSV(2)] x 100 
ADJ TCV DIFF _ 1,394_- (Quantity)/__—-0.272__ % S&W at Load Port_ 0.044 ___ S&W at Discharge Port__ 0.1/30__ % 


Comments: * 1—Added 105 Bbis for L. Fill. 
* 2 — Reconciled Arrival Ullage to Reflect a 50 Bbi Transit Loss. 
*3—Added 77 Extra OBQ Bbis. 


Prepared by 


VCF TABLE MUST BE a 


Difference % Vv. <0.010>% 
OBQ/ROB §_ Difference x W. 


< 522 > 


Date Completed (M/D/Y} 
/ of 
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